Gallium(III), cobalt(III) and copper(II) protoporphyrin IX exhibit antimicrobial activity against Porphyromonas gingivalis by reducing planktonic and biofilm growth and invasion of host epithelial cells.
Porphyromonas gingivalis acquires heme for growth, and initiation and progression of periodontal diseases. One of its heme acquisition systems consists of the HmuR and HmuY proteins. This study analyzed the antimicrobial activity of non-iron metalloporphyrins against P. gingivalis during planktonic growth, biofilm formation, epithelial cell adhesion and invasion, and employed hmuY, hmuR and hmuY-hmuR mutants to assess the involvement of HmuY and HmuR proteins in the acquisition of metalloporphyrins. Iron(III) mesoporphyrin IX (mesoheme) and iron(III) deuteroporphyrin IX (deuteroheme) supported planktonic growth of P. gingivalis cells, biofilm accumulation, as well as survival, adhesion and invasion of HeLa cells in a way analogous to protoheme. In contrast, cobalt(III), gallium(III) and copper(II) protoporphyrin IX exhibited antimicrobial activity against P. gingivalis, and thus represent potentially useful antibacterial compounds with which to target P. gingivalis. P. gingivalis hmuY, hmuR and hmuY-hmuR mutants showed decreased growth and infection of epithelial cells in the presence of all metalloporphyrins examined. In conclusion, the HmuY protein may not be directly involved in transport of free metalloporphyrins into the bacterial cell, but it may also play a protective role against metalloporphyrin toxicity by binding an excess of these compounds.